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( ) $[1(\vdash 14]$








Bingham [16] Herschel-Bulkley [18]
[19, 20],
$*1$ [1]
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$m \ddot{r}_{i}=-\mu\dot{r}_{i}-\frac{\partial}{\partial r_{i}}\sum_{j<k}V(r_{jk})+\mu f_{j}(t)$
(la)



































































$m \ddot{X}_{i}=-\mu\dot{X}_{i}-\frac{\partial}{\partial X_{i}}\sum_{j<k}V(X_{k}-X_{j})+\mu f_{i}(t)$ (7)
$L$ $ ^{}*6 $ $\rho_{0}=N/L$ $X_{i+N}=X_{i}$
$\sigma$ “ “
$V(r)=\{\begin{array}{ll}V_{m} arrow+\infty (|r|<\sigma)0 ( )\end{array}$ (8)
( )















( “ ”) SFD















$( \partial_{t}+D_{c}k^{2})C(k, t)=-\int_{0}^{t}dt’M(k, t-t’)\partial_{t’}C(k,t’)$ (10)






4 $M\propto\langle\hat{\rho}\hat{\rho}\hat{\rho}\hat{\rho}\rangle$ $\langle\hat{\rho}\hat{\rho}\rangle\langle\hat{\rho}\hat{\rho}\rangle$ 2








2(b) )$\triangleright$–j$\triangleright$ $(x,\cdot t)$
4 Euler 4
$\langle\rho(x_{1}, t)\rho(x_{1},0)\rho(x_{2}, t)\rho(x_{2},0)\rangle$ 4
MCT [30]
$\bullet$ MCT (9) $\langle R^{2}\rangle\propto t$









:Eine noch wichtigere Rolle als das Verallgemeinem spielt–wie ich $glaube-bei$ der
Besch\"aftigung mit mathematischen Problemen das Specialisiren. Vielleicht in den meis-
ten F\"allen, wo wir die Antwort auf eine Frage vergeblich suchen, liegt die Ursache des
MiBlingens darin, dffi wir einfachere und leichtere Probleme als das vorgelegte noch
nicht oder noch unvollkommen erledigt haben. Es kommt dann Alles darauf an, diese
leichteren Probleme aufzufinden und ihre L\"osung mit $m6$ghchst vollkommenen Hilfsmit-
teln und durch verallgemeinerungsfahige Begriffe zu bewerkstelligen. Diese Vorschrift
ist einer der wichtigsten Hebel zur Uberwindung mathematischer Schwierigkeiten und







Euler MCT Lagrange Langevin
(7) 1
$\rho=\rho(x, t)=\sum_{j}\rho_{j}, \rho_{j}=\rho_{j}(x, t)=\overline{\delta}(x-X_{j}(t))$ , (12)
$Q=Q(x, t)= \sum_{j}\rho_{j}(x, t)\dot{X}_{j}(t)$ (13)






$Q=-D( \partial_{x}\rho+\frac{\rho}{k_{B}T}\partial_{x}U)+\sum_{j}\rho_{j}(x, t)f_{j}(t)$ (14b)
$U=U[p](x)= \int dx’V(x-x’)p(x’)$ (14c)
(7) (14)
2.4 Euler 1 MCT
(14) MCT Fourier
$\hat{\rho}(k, t)=\frac{1}{L}\int dxe^{ikx}[p(x,t)-\rho_{0}], \rho(x, t)=\rho_{0}+\sum_{k}\hat{\rho}(k, t)e^{-ikx}$ (15)
$\hat{\rho}j(k,t)=\frac{1}{-L}\int dxe^{ikx}\rho j(x, t)=L^{-1}\exp[ikX_{j}(t)]$ (16)
Langevin (14)
$\partial_{t}\hat{\rho}(k, t)=-Dk^{2}(1+\frac{2\rho_{0}\sin k\sigma}{k})\hat{\rho}(k, t)$




$S(k)= \frac{1}{N}\sum_{:}\sum_{j}(\exp[ik(X_{j}-X_{i})]\rangle=\frac{L^{2}}{N}\langle\hat{\rho}(k,0)\hat{\rho}(-k, 0)\rangle (\frac{k}{2\pi/L}\in Z^{+})$ (18)
$V(r)$ $V_{k}^{pq}$
$\sigma$ 1 (8) $V_{\max}=k_{B}T$
MCT
$C(k, t)= \frac{1}{N}\langle\hat{\rho}(k, t)\hat{\rho}(-k, 0)\rangle, C_{\epsilon}(k, t)=\langle\hat{\rho}_{j}(k, t)\hat{\rho}_{j}(-k, 0)\rangle$ (19)
(14) $U$
$C(k, t)=C_{8}(k, t)=L^{-2}e^{-Dk^{2}t}$
$C_{s}=L^{-2} \sum_{n=0}^{\infty}\frac{(ik)^{n}}{n!}\langle R^{n}\rangle$ (20)
$\langle R^{2}\rangle=2Dt$
$C_{s}$
$C$ 1 MCT (10)
$M(k, s) \propto\int_{-\infty}^{+\infty}dq(\sin p\sigma+\sin q\sigma)^{2}C(p, s)C(q, s)$ (21)
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$($ $k+p+q=0)$ $C_{s}$
$( \partial_{t}+Dk^{2})C_{s}(k, t)=-\int_{0}^{t}dt’M_{s}(k, t-t’)\partial_{t’}C_{s}(k, t’)$ (22)
$M_{s}(k, s) \propto\int_{-\infty}^{+\infty}dq\sin^{2}p\sigma C(p, s)C_{s}(q, s)$ (23)
$M$ $M_{8}$ $C_{s}$
$\langle R^{2}\rangle\propto t^{1/2}$ MCT
[30] 1 MCT MCT










$\hat{M}_{s}(0, z)\propto\int_{0}^{\infty}dte^{-zt}\int_{-\infty}^{+\infty}dq\sin^{2}q\sigma C(q, t)C_{s}(q, t)\propto\int_{0}^{\infty}dq\sin^{2}q\sigma\hat{C}_{s}(q, z+Dq^{2})$




























$\xi$ (14a) 1 $+$ 1
Poincar\’e [59, 60]









$\xi\mapsto x=x(\xi, t)$ $\xi$ $(\xi, t)$
Langevin (14)
$\partial_{x}=\frac{\partial\xi}{\partial x}\partial_{\xi}=\rho\partial_{\xi}, (\partial_{t})_{x}=(\partial_{t})_{\xi}-Q\partial_{\xi}$ (29)
Lagrange $D/Dt$ $D_{t}$ $(\partial_{t})_{\xi}$
$\partial_{t}$












Euler MCT $\langle R^{2}\rangle$ $C_{s}$ (20) $\langle R^{2}\rangle$
$\psi$ $\langle\psi(\xi, t)\psi(\xi’, 0)\rangle$
$\langle R^{2}\rangle$





3 $\psi$ $1/\rho 0$ (32) $\psi$
$1/\rho(\xi, t)$ $1+\psi$
$–j$ $i$ $i$ $(1\ll|j-i|\ll N/2)$
(33) $\xi(x, t)$ $\psi$
$X_{j}(t)-X_{i}(t)= \rho_{0}^{-1}\int_{-i}^{-j}\overline{-}[1+\psi(\xi, t)]d\xi\overline{-}$ (34)
(34) $X_{j}(O)-X_{i}(0)=\cdots$
MCT $\xi$
Fourier ha ek ( )
$\check{\psi}(k, t)=\frac{1}{N}\int d\xi e^{ik\xi}\psi(\xi, t) , \psi(\xi, t)=\sum_{k/\Delta k\in Z}\check{\psi}(k, t)e^{-ik\xi} (\Delta k=\frac{2\pi}{N})$ (35)
(31) $\check{\psi}$
$\partial_{t}\check{\psi}(k,t)=-\frac{D_{*}}{S}k^{2}\check{\psi}(k, t)+\sum_{k+p+q=0}\mathcal{V}_{k}^{pq}\check{\psi}(-p, t)\check{\psi}(-q, t)+\rho_{0}\check{f}_{L}(k, t)$
(36)
$D_{*}=\rho_{0}^{2}D,$ $S=1/(1+2k^{-1}\sin\rho_{0}\sigma k)$ $\nu$
[50] $\mathcal{V}_{k}^{pq}=D_{*}k^{2}W_{kpq}$ $W$
(30) $R(\xi, t)=x(\xi, t)-x(\xi,0)$.
$R( \xi, t)=\int_{0}^{t}\frac{Q(\xi,t’)}{\rho(\xi,t)}dt’=\partial_{\xi}^{-1}(\frac{1+\psi}{\rho_{0}})|_{0}^{t}=\frac{1}{\rho_{0}}\sum_{k}\frac{e^{-ik\xi}}{-ik}[\check{\psi}(k,.t)-\check{\psi}(k, 0)]$ (37)
(35) $\check{\psi}$
\v{C} $(k, t)^{d}=^{ef} \frac{N}{L^{2}}\langle\check{\psi}(k, t)\check{\psi}(-k, 0)\rangle$ (38)
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(37)
$\langle R(\xi, t)R(\xi’, t)\rangle=\frac{L^{4}}{\pi N^{2}}\int_{-\infty}^{\infty}dke^{-ik(\xi-\xi’)}$
\v{C}
$(k, 0)_{k^{2}}-$
\v{C}( $k$ , $t$ ) (39)
(39) 2 4
(39) $\xi=\xi’$ (33)
(39) $\xi=\xi’$ Alexander &Pincus [45]
Euler Lagrange
(39) Alexander &Pincus [45]
(39) Alexander-Pincus
3.4








$D$ $/S=\rho_{0}^{2}D/S=\rho_{0}^{2}D_{c}$ (40) $\xi$
$\langle\psi(\xi, t)\psi(\xi’, 0)\rangle=\frac{S}{\sqrt{4\pi\rho_{0}^{2}D_{c}t}}\exp[-\frac{(\xi-\xi’)^{2}}{4\rho_{0}^{2}D_{c}t}]$ (41)
(41) $\langle\psi\psi\rangle$ (33)
$\langle R^{2}\rangle=\frac{S}{\rho_{0}^{2}}\int_{-t}^{-j}\overline{-}d\xi\int_{\Xi_{i}}^{\Xi_{j}}d\xi’\overline{-}\{\delta(\xi-\xi’)-\frac{\exp[-\frac{(\xi-\xi’)^{2}}{4\rho_{0}^{2}D_{c}t}]}{\sqrt{4\pi\rho_{0}^{2}D_{c}t}}\}=\frac{2S}{\rho_{0}}\sqrt{\frac{D_{c}t}{\pi}}$ (42)




$n\cdot c\iota b4$ $SD$ : $4*/\sqrt{}(Dcl\rangle$






(9) $\langle R^{2}\rangle/\sqrt{D_{c}t}$ $t$






Alexander-Pincus (39) $\langle R^{2}\rangle$
3.5.1 SFD D$|A$
(36) \v{C} MCT
\v{C} ( ) $G$
(Direct-Interaction
Approximation $=$ DIA) [61-64]
DIA
[64] 1 Lagrange




$\rho_{0}^{2}\langle\check{f}_{L}(k, t)\check{f}_{L}(-k’, t’)\rangle=\frac{2D}{N}*k^{2}\delta_{kk’}\delta(t-t’)$ (43)
Euler $\rho$ $[35]_{\backslash }$ (43)
(36) $\check{\psi}(-k, 0)$
$\partial_{t}\v{C}(k, t)=-\frac{D_{*}}{S}k^{2}\v{C}(k, t)+\frac{N}{L^{2}}\sum \mathcal{V}_{k}^{pq}\langle\check{\psi}(-p, t)\check{\psi}(-q, t)\check{\psi}(-k, 0)\rangle$ (44)
(44) $\langle\check{\psi}\check{f}_{L}\rangle$ (43) $\psi$
(44) $\langle\check{\psi}\check{\psi}\check{\psi}\rangle$




[66] Kraichnan [61] DIA















$\partial_{t}G_{k^{k’}}=\mathcal{L}_{DIA}G_{k^{k’}}, G_{k}^{k’}(b, t’)|_{t=t}, =\delta_{k}^{k’}$ (49)
$G$
$( \check{\psi}_{1})_{k}=-\int_{t_{O}}^{t}dt’\sum G_{k}^{k\prime}(t, t’)I_{k’}(t’)$ (50)
\v{C} (44) 3




$\check{\psi}_{1}$ 1 $G$ (50) 2
$*$7,
$\langle\check{\psi}(-p, t)\check{\psi}(-q, t)\check{\psi}(-k, 0)\rangle=\frac{4L^{4}}{N^{2}}sym\mathcal{V}_{q}^{pk}pq\int_{t_{O}}^{t}dt’\overline{G}(-q,t-t’)\v{C}(p, t-t’)\v{C}(k, |t’|)$
$+ \frac{2L^{4}}{N^{2}}\mathcal{V}_{k}^{pq}\int_{t_{0}}^{0}dt’\overline{G}(-k, -t’)\v{C}(p, t’-t_{0})\v{C}(q, t’-t_{0})$
$\overline{G}$
$\overline{G}(-k, t-t’)=\langle G_{-k^{-k’}}(t, t’)\rangle$









$(G_{1})_{k^{k’}}(t, t’)=- \int_{t’}^{t}dt"\sum G_{k^{k"}}(t, t")I_{k"}^{k’}(t",t’)$ (52)







$( \partial_{t}+\frac{D_{*}}{S}k^{2})$ \v{C} $(k, t)= \int_{t_{0}}^{t}dt’M_{G}(k, t-t’)\v{C}(k, |t’|)+\int_{t_{0}}^{0}dt’M_{C}(k, t-t’)\overline{G}(-k, -t’)$ (53)
$( \partial_{t}+\frac{D}{S}*k^{2})\overline{G}(k, t)=\int_{0}^{t}dt’M_{G}(k, t-t’)G^{-}(k, t’)$ (54)








$\v{C}(k, O)=\frac{S(k)}{L^{2}}, \overline{G}(k, 0)=1$ (55)
\v{C} $\overline{G}$ 2
. $t_{0}arrow-\infty$
$\bullet$ (54) $M_{G}$ $G$ $*9_{o}$
( )
(53) $t$ (54) $\lambda_{0}k^{2}$ ( $\lambda_{0}$
) $\partial_{t}\v{C}+\lambda_{0}k^{2}G$ :
$*8$ [66] DIA (4)




$( \partial_{t}+\frac{D_{*}}{S}k^{2})[\partial_{t}\check{C}(k, t)+\lambda_{0}k^{2}G(k, t)]$
$= \int_{0}^{t}dt’M_{G}(k,t-t’)[\partial_{t}\v{C}(k,t’)+\lambda_{0}k^{2}G(k,t’)]$
$+ \int_{t_{0}}^{0}dt’\{M_{G}(k, t-t’)\partial_{t’}\v{C}(k, -t’)-[\partial_{t’}M_{C}(k,t-t’)]\overline{G}(-k, -t’)\}$ (56)
2 $\nu$ $\mathcal{V}_{k}^{pq}=D_{*}k^{2}W_{kpq}$ $W$
:
[ (56) 2 ]
$= \frac{4L^{2}}{N}D_{*}^{2}k^{2}\sum W_{kpq}^{2}[q^{2}G^{-}(-q, t-t’)\partial_{t’}\v{C}(k, -t’)-k^{2}\overline{G}(k, -t’)\partial_{t’}\v{C}(q, t-t’)]$
$= \frac{4L^{2}}{N}D_{*}^{2}k^{2}\sum W_{kpq}^{2}\{q^{2}\overline{G}(-q, t-t’)[\partial_{t’}\v{C}(k, -t’)-\lambda_{0}k^{2}\overline{G}(k, -t’)]$




$\lambda_{0}=D_{*}/L^{2}$ (57) (Fluctuation-Dissipation Theorem)
[67] Lagrange DIA (53) (54) FDT
MSR MCT $G$
FDT
(53)(54) (57) (54) (57)
(53)
$\overline{G}(k, t)=-\frac{1}{\lambda_{0}k^{2}}\partial_{t}\v{C}(k, t)$ $M_{G}(k, s)=- \frac{1}{\lambda_{0}k^{2}}\partial_{\epsilon}M_{C}(k, s)$
(53)
$( \partial_{t}+\frac{D}{S}*k^{2})\v{C}=\frac{1}{\lambda_{0}k^{2}}[M_{C}(k, 0)\v{C}-\int_{0}^{t}dt’M_{C}(k, t-t’)\partial_{t’}$\v{C}$(k, t’)]$
$M_{C}(k, 0)$ $($ ?! $)$
Lagrange \v{C} MCT
$( \partial_{t}+\frac{D_{*}}{S}k^{2})$ \v{C} $(k, t)=- \int_{0}^{t}dt’M(k,t-t’)\partial_{t’}$ \v{C} $(k, t’)$ (58)
$M(k, s)= \frac{M_{C}(k,s)}{\lambda_{0}k^{2}}=\frac{2L^{4}}{N}D_{*}k^{2}\sum_{p+q=k}W_{pqk}^{2}\v{C}(p, s)$\v{C}( $q$ , $s$ ) (59)
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(53)(54) $\overline{G}$ MCT (58)
(57)
Lagrange (31) Euler (14)
(56) [36] (14)












2$+$ 1 3$+$ 1
$\partial_{t}\rho+\nabla\cdot Q=0$ $(\rho, Q)$ $\rho(\partial_{t}+v\cdot\nabla)\xi=0$
$\xi$
(14a)





Maxwell ( $Q$ $j$ )
$\rho=divD$ (62a)
$Q=-\partial_{t}D+$ rot $H$ (62b)
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(61)
$\xi=D-\partial_{t}^{-1}$ rot $H$ (63)
$\xi$




$(\rho\partial_{t}+Q\cdot\nabla)[\xi \tilde{\eta}]=(\partial_{x}\xi+\partial_{y}\tilde{\eta})\partial_{l}[\xi \tilde{\eta}]-[\partial_{t}\xi \partial_{t}\tilde{\eta}]\{\begin{array}{l}\partial_{x}\partial_{y}\end{array}\}[\xi \tilde{\eta}]$
$=[\partial_{t}\xi \partial_{t}\tilde{\eta}’]\{(\partial_{x}\xi+\partial_{y}\tilde{\eta})1-[_{\partial_{y}\tilde{\xi}}^{\partial_{x}\tilde{\xi}} \partial_{x}\tilde{\eta}\partial_{y}\tilde{\eta}]\}$





3$+$ 1 3 Jacobian
3 ( 3 ) (61) $\xi$ 1
(61) $\xi$
3
$d^{3}\xi=d\xi\wedge d\eta\wedge d\zeta$ $dV$
$\rho=\det(\nabla\xi, \nabla\eta, \nabla\zeta)=\frac{\partial(\xi,\eta,\zeta)}{\partial(x,y,z)}$ (65)
$div\xi$ $Q$
$\xi$ (65)
$\epsilon$ $( \xi^{i}\in\{\xi, \eta, \zeta\} )$
$\rho\partial_{t}\xi^{i}+Q\cdot\nabla\xi^{i}=0$ $Q\cdot\nabla\xi^{i}=-\rho\partial_{t}\xi^{i}$ (66)
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$\xi^{i}=\xi^{i}(r, t)$ (66) $\partial_{t}$ Euler
$\{\nabla\xi, \nabla\eta, \nabla\zeta\}$ $\{\partial_{\xi}r, \partial_{\eta}r, \partial_{\zeta}r\}$ $(\partial_{i}r)\cdot\nabla\xi^{j}=\delta_{i^{j}}$
(66) $Q$ $\partial_{i}r$ ( )
(66)
$Q=-\rho(\partial_{t}\xi^{i})\partial_{i}r$ (67)








$(\rho, Q)$ $\xi=\xi(r, t)$
$\xi$ (
) :
Conjecture: $(\rho, Q)$ (65)
(68) $(\rho, Q)$ “ ” $\xi=(\xi, \eta, \zeta)$
4.2 Clebsch
(68) Clebsch [41, 68-70] (






divu $=0$ (68) Clebsch



















$\gamma\partial(\alpha, \beta)/\partial(\lambda, \mu)$ 1 $\lambda,$ $\mu$ $\gamma$
$(\alpha, \beta)$ (71)
$div\omega=0$






$C$ $C$ $u\cdot\omega$ ( )
Clebsch
$C$ $\lambda=$ const. $C$ $\lambda$ (Clebsch
132




) $C$ $S_{\lambda}$ $S_{\lambda}$ $\nabla\lambda$
$\omega$ $C$ $\Gamma$
$\Gamma=\oint_{C}u$ .dr $= \int_{S_{\lambda}}\omega\cdot dS=0$
$C$ dr $=\omega ds$
$u\cdot\omega>0$
$\Gamma=\oint_{C}u$ .dr $= \oint_{C}u\cdot\omega ds>0$
$u\cdot\omega$ helicity
helicity [38, 70] $u\cdot\omega$
Euler (Beltrami
$)$ [71-73] 5 Beltrami
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Amold-Beltrani-Childress






















$\partial_{t}\rho+\partial_{x}(pu)=0,$ $(\partial_{t}+u\partial_{x})T=\partial_{x}(\kappa\partial_{x}T)$ , $\rho T=$ const. (74)
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Lagrange $|\}\backslash$
Appendix ffi$*$ 10 (29)
( ) u
$D/Dt=$ $(\partial_{t})_{\xi}$ $\partial_{t}+u_{e}\partial_{x}$ $u_{e}$





( ) 2003 1
[80, 81]








$ ^{}*11 $ 2 3 Lagrangian MCT
$*10$ draft991108.dvi 1999 11 25






( ) Lagrange \v{C} \v{C}
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